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1. INTRODUCTION
The growth rate of an economy is unquestion-
ably one of the most relevant pieces of information
for the economic authorities in each country. A
slow growth may indicate persistently high unem-
ployment levels, while extremely high rates of
growth may generate unsustainable pressures on
the wage formation process.
In this context, the concept of potential output
can play a key role as an indicator of the aggregate
supply situation. However, although widely used
in economic analysis, the concept of output gap is
not unique. In fact, several definitions and estima-
tion methods exist.
Many fairly standard time series techniques
identify potential output with the trend compo-
nent of the time series, hence eliminating the sea-
sonal, cyclical and irregular components. These
are statistical methods and thus do not allow the
interpretation of the economic factors leading to
an observed output level above or below potential
output.
The estimation of a production function allows
establishing a relationship between the degree of
utilisation of inputs and potential output. Accord-
ing to this interpretation, potential output growth
reflects a growth of trend productivity and a level
of capital utilisation compatible with those ob-
served in the past, as well as a labour utilisation
compatible with the non-existence of inflationary
pressures, usually associated to the concept of the
natural unemployment rate.
As it shall become clear throughout this paper,
alternative methods can render quantitatively dis-
tinct estimates for potential output. Therefore,
considerable uncertainty surrounds the measure-
ment of the so-called output gap — the difference
between observed and potential output levels —
which requires special caution in interpreting the
results. This fact suggests that the estimates ob-
tained through different methods should be com-
pared with other quantitative indicators of the rate
of productive factor utilisation — as the unem-
ployment rate or the rate of productive capacity
utilisation.
According to the production function ap-
proach, potential output can be interpreted as an
indicator of inflationary pressures in the economy.
Indeed, pressure on prices tends to appear when
the rate of productive capacity utilisation is high
and when unemployment rate is below its natural
rate(1).
The concept of potential output is also em-
ployed in the adjustment of cyclical behaviour of
some variables. In particular we may calculate
changes of the General Government overall and
primary balances adjusted for effects of the cycli-
cal position of the economy, useful as guidelines
to budgetary policy(2).
The first conclusion of the study is that in the
Portuguese case, alternative output gap estimation
procedures lead to similar results, specially in the
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(1) A vast set of researches published in Central Banks discuss the
use of the output gap to explain inflation behaviour. See for in-
stance Cassola and Sousa (1996), Marques (1990), Fisher,
Mahadeva and Whitley (1997) and Gartner (1995).
(2) See Centeno (1994).recent past. We also find that in the last three years
the economy has grown above potential output,
and output is currently probably close to its poten-
tial level.
This article contains three additional sections.
Section 2 briefly presents some methods to obtain
estimates for potential output. Results for Portugal
are described in section 3. Section 4 concludes.
2. ALTERNATIVE METHODS OF ESTIMATION
OF THE OUTPUT GAP
As mentioned above, potential output is a
non-observable variable, hence requiring estima-
tion. Given the relevance of this concept, it is ad-
visable to compare estimates obtained from the
application of alternative quantitative techniques.
Three different procedures are used in this study:
(i) linear trend; (ii) the Hodrick- Prescott filter and
(iii) the production function.
We now follow to outline each of these proce-
dures, as well as their potentialities and draw-
backs.
i) Linear trend
The simplest way to obtain an estimate for po-
tential output consists in estimating a linear trend
of log GDP at constant prices — which basically
corresponds to using the average growth rate ob-
served in the period under scrutiny(3).
For longer periods, however, the constant aver-
age growth rate assumption is not reasonable. In
most western economies, for example, economic
growth was stronger in the post-world war period
than in the 1970’s or the 1980’s. Alternatively, the
linear trend of GDP can be estimated accounting
for the existence of structural breaks. This corre-
sponds to assuming different growth rates for po-
tential output in different time periods(4). This pro-
cedure can ultimately lead to different potential
growth estimates for each economic cycle (5).
The estimation of potential growth rates that
correspond to the average growth rate recorded in
each economic cycle ensures the symmetry of eco-
nomic cycle gaps, which is an advantage. On the
other hand, the fact that the estimation results are
not invariant to the definition of economic cycles
constitutes a drawback of the method.
A second disadvantage is the difficulty in using
this method in potential output forecasting, since
structural breaks are only known a posteriori.I ti s
also known that if GDP is integrated of order one,
instead of a trend stationary series, then the ad-
justment of a linear trend gives rise to the so-called
“spurious de-trending” phenomenon since the re-
gression residuals (the cyclical component of out-
put) are non-stationary. In this case, the cyclical
component is of difficult interpretation, as it re-
flects a series that does not present mean rever-
sion.
ii) Hodrick-Prescott filter
An alternative to the estimation of a linear
trend consists in assuming that the potential
growth rate is not constant in time. This can be ob-
tained by using some statistical filters mainly
aimed at identifying the trend component of a
time series. Unlike the linear regression — which
attributes equal weights to all observations —
these filters give different weights to different ob-
servations, according to their closeness to the pe-
riod under scrutiny. The Hodrick-Prescott method
is the most commonly used statistical filter in esti-
mating potential output(6). The Hodrick-Prescott(7)
(HP) filter delivers estimates for potential output
from the calculation of weighted moving averages
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(3) This procedure requires the utilisation of complete economic
cycles.
(4) The identification of a constant output growth rate corresponds
to the estimation of the log-linear relationship lnPIB t t =+ ab ,
where b is the estimated potential output growth rate; in the
presence of structural breaks, the above relationship takes the
form lnPIB t t
i
ii =+ å ab .
(5) The OECD uses this procedure — among others — and defines
an economic cycle as the period between two consecutive eco-
nomic growth maxima. See Giorno, Richardson, Roseveare and
Van den Noord (1995).
(6) Two alternatives are the Holt-Winters method and the
non-observed components method (Watson, 1986).
(7) The Hodrick-Prescott filter is obtained from the following mini-
misation problem:
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Where y is output at constant prices and y* is the value of po-
tential output.using past and future values of observed output.
Weights are greater for years closer to that for
which potential output is being calculated. The
Hodrick-Prescott filter requires the choice of the
value of smoothing parameter l of the minimisa-
tion problem(8). This reflects the choice between a
smooth potential output series and one closer to
observed output (as extreme cases, we could have
a linear trend or the observed output series itself).
A lower value for l corresponds to an output path
close to that observed — thus to a more volatile se-
ries. A higher value for l yields a smoother output
path, thus closer to a linear trend. These results are
explained by the fact that a lower value for l cor-
responds to using a smaller number of years in
calculating moving averages. In literature the as-
sumption of l = 100 is fairly standard for annual
data and l = 1600 for quarterly data (9).
The weighting of past and future observations
brings problems to the utilisation of the
Hodrick-Prescott filter at the ends of the sample,
where the estimated trend follows closely the ob-
served value of output. This issue is important,
since in most cases our interest consists precisely
in measuring potential output in recent years. To
overcome this drawback, it is convenient to extend
the sample period to include forecasts of future
values for output.
Another limitation of the HP filter deals with
the treatment of structural breaks which tend to be
smoothed by the filter. As a result, the effect of a
structural break tends to be distributed over sev-
eral periods, instead of being felt in one period
alone — as happens with the linear trend for in-
stance, once the break period is identified. Fur-
thermore, the HP filter tends to create spurious cy-
cles i.e., it generates cycles even when these are
not present in the original data(10).
Nevertheless, this method has the advantage of
ensuring that the estimated output gap (cyclical
component) is stationary. As mentioned above,
this was not the case of the linear trend.
iii) Production function
The previously presented methods are statisti-
cal procedures aimed at identifying the trend of a
time series. The major drawback of these methods
is unequivocally the fact that they are simply sta-
tistical procedures, that fully disregard any infor-
mation on eventual structural constraints binding
the economy — namely the greater or smaller
availability of production factors. Therefore, the
potential output extrapolated by any of the above
described approaches may be inconsistent with
the behaviour of the capital stock, employment
and productivity. The so-called production func-
tion approach intends to overcome these draw-
backs by taking into account the greater or lower
availability of productive factors.
According to this approach, potential output is
the maximum output level consistent with stable
inflation. Consequently, this concept should not be
identified with maximum output level — in the
technical sense — which corresponds to the full
utilisation of productive factors.
For simplicity we assume that output is fairly
explained by a Cobb-Douglas production function
with constant returns to scale and technical prog-
ress(11). Since technical progress can be non-
stationary and not bound to be represented by a
simple linear trend (which would complicate the
estimation of the production function parameters),
the production function parameter corresponding
to the share of labour income in total national in-
come is set equal to the sample mean by calibra-
tion. The residuals of the production function
(technical progress) are then smoothed (using for
instance the HP filter or a linear trend) to obtain a
trend measure of total factor productivity. Poten-
tial output is found by substituting trend produc-
tivity, the capital stock and potential employment
in the production function. In turn, potential em-
ployment can be given by an estimate for the
NAIRU(12).
Consider the following Cobb-Douglas produc-
tion function with constant returns to scale and
technical progress:
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(8) See footnote 7.
(9) See for instance Kydland and Prescott (1990).
(10)See Cogley and Nason (1995).
(11)For an approach based on the C.E.S. production function see
for instance Marques (1990).
(12)Non Accelerating Inflation Rate of Unemployment.YL KN tt tt =
- aa 1
where Yt stands for output, Lt is labour, Kt is the
capital stock effectively used and Nt the technical
progress.
Using lower case to represent the correspond-
ing logarithms, the previous function can be writ-
ten as follows:
() yl k n tt t t =+ - + aa 1
For a given value ofa we can calculate the tech-
nical progress nt corresponding to the residuals of
the production function. Smoothing n using a HP
filter or a linear trend provides a measure of trend
factor productivity, here noted by n*.
Potential employment is given by the expres-
sion L* = LF(1-NAIRU) where LF stands for the la-
bour force. The logarithm of potential output can
be calculated from the following expression
() yl k n tt t t
** * * =+ - + aa 1
where k* stands for the potential capital stock,
which in practice corresponds to the observed ca-
pital stock.
The expression above evidences the role that
different production factors play in determining
potential output. First, the greater the capital
stock, the highest is potential output. This means
that high investment rates — specially if invest-
ment is channelled to expanding productive ca-
pacity — yield higher growth rates of potential
output. Second, the higher potential employment
— i.e., the lower the NAIRU — the higher is po-
tential output. Finally, potential output is also
higher the greater is trend technical progress.
Naturally, the production function approach is
not free of limitations. As discussed above, poten-
tial output is dependent on the type of production
function assumed, on the method of calculation of
NAIRU and on the method of calculation of trend
productivity. The choice of a point estimate for the
NAIRU — which encompasses a certain level of
uncertainty — and the utilisation of the HP filter
or a linear trend in calculating n* bring to this ap-
proach all kinds of limitations associated to these
methods.
3. RESULTS FOR PORTUGAL
This section presents the results of the applica-
tion of the methods described above. Two alterna-
tive series were used for output. First we used a
series resulting from patching three distinct series:
that covering the period 1958-1987 was drawn
from Santos, Dias and Cunha (1992); the series for
the period 1988-1994 corresponds to the National
Accounts of the Instituto Nacional de Estatística; fi-
nally, for the period 1995-1998 we used the most
recent estimates and forecasts of the Banco de Por-
tugal (see the 1997 Annual Report of the Banco de
Portugal, as well as the article “The Portuguese
economy in 1998” in this bulletin). The second al-
ternative consisted of using the “Historical Series
for the Portuguese Economy” in Pinheiro et al.
(1997) for the period 1958-1995(13), and the most re-
cent estimates of the Banco de Portugal for the pe-
riod 1996-1998. Hereafter these series shall be de-
noted National Accounts (NA) and Historical Se-
ries (HS), respectively. We use two distinct series
because their real growth rates exhibit a non-
negligible difference. Indeed, the Historical Series
reveal a stronger growth in the period after 1974.
The application of the above described tech-
niques of estimation of the output gap was ap-
plied to these annual series, but also to quarterly
ones. We follow to present the main findings.
i) Annual data
The Portuguese economy grew substantially
more in the period 1958-1973 than in the period
1974-1998. The estimation of a log-linear trend for
the period as a whole would lead to the estimation
of a relatively high potential growth rate when
compared to the growth observed in the last 20
years. To overcome this situation, we considered a
log-linear model with a structural brake in 1974.
Chart 1 presents the estimates for potential out-
put growth obtained for the Historical Series, as
well as the observed growth rates. The estimation
of a log-linear regression leads to an average
growth of 6.0 per cent up to 1973 and 3.5 per cent
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(13)The series used in this research encompass some revisions
meanwhile made to the series of Pinheiro et al. (1997) up to
1993, and an extension to cover 1994 and 1995.thereafter. The potential growth rate obtained
from the Hodrick-Prescott filter is also depicted in
the chart. At the end of the sample period, this es-
timate is slightly lower than that yielded by the
log-linear regression.
Chart 2 exhibits the corresponding estimates
based on the National Accounts. The estimation of
a log-linear regression leads to an average growth
of 6.6 per cent up to 1973, and 2.9 per cent after-
wards. The potential output growth rate delivered
by the Hodrick-Prescott filter is virtually identical
to that yielded by the log-linear regression in the
last 20 years. At the end of the period under scru-
tiny the Hodrick-Prescott series stands slightly
above the log-linear regression with a growth rate
of 3.1 per cent.
Note that we get the same potential output
growth for both series at the end of the sample pe-
riod if the Hodrick-Prescott method is used.
The output gap estimates for each one of these
series and for each method are plotted in charts 3
and 4. These charts present quite similar behav-
iours. In general, and regarding the most recent
period, we may conclude that the 1993 recession
led observed output to a level below potential out-
put. From 1996 onwards, however, the growth of
the Portuguese economy has made the output gap
less negative. In 1998, the estimated level for out-
put stands very close to its potential value. Ac-
cording to the National Accounts, the output gap
switched from negative in 1997 (-0.6 per cent) to
positive in 1998 (about +0.4 per cent). For the His-
torical Series the output gap became null in 1998
according to the HP filter (-0.9 per cent in 1997);
however, according to the linear trend the output
gap still remains marginally negative in 1998 and
1999. In any of these cases, the conclusion is that in
1998 output is very close to its potential value –
i.e., the output gap is virtually null.
Charts 3 and 4 provide us with two additional
remarks. The first is that in the 1960s (the first 10
years of the sample) there are no visible cycles –
or, if existing, they were clearly inexpressive and
short. On the contrary, from the early 1970s on-
wards, cycles are clearly defined and are more or
less lengthy – the last of which is estimated to
have lasted about 10 years. The second remark is
that the 1993 recession was less sharp and shorter
than those recorded in 1975 and in 1983-84. The
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remarks. The first is that in the 1960s (the first 10
years of the sample) there are no visible cycles –
or, if existing, they were clearly inexpressive and
short. On the contrary, from the early 1970s on-
wards, cycles are clearly defined and are more or
less lengthy – the last of which is estimated to
have lasted about 10 years. The second remark is
that the 1993 recession was less sharp and shorter
than those recorded in 1975 and in 1983-84. The
Banco de Portugal / Economic bulletin / December 1998 51
Articles
Chart 1












1959 1963 1967 1971 1975 1979 1983 1987 1991 1995 1999
Observed HP filter Linear trend
Chart 2












1959 1963 1967 1971 1975 1979 1983 1987 1991 1995 1999
Observed HP filter Linear trend
Chart 3











1959 1963 1967 1971 1975 1979 1983 1987 1991 1995 1999
HP filter Linear trendoutput gap estimated for the period following to
the last recession is clearly less negative than that
obtained in previous recession periods.
ii) Quarterly data
We now analyse the results obtained from us-
ing quarterly data. Since these series have the
same implicit growth rates of the corresponding
annual series, qualitative changes from the above
presented conclusions should not be expected —
except for those eventually resulting from the dif-
ferent sample period considered(14) or the utilisa-
tion of the production function method in calcu-
lating potential output.
To calculate potential output according to the
production function method we assumeda=0.535,
which corresponds to the average share of wage
income in national income in the period
1980-1996. In general, the greater difficulty deals
with the estimation of potential employment L*,
given the usual uncertainty regarding the true
value of NAIRU. However, in the Portuguese case,
there is not only a large consensus among re-
searchers that the NAIRU has remained virtually
stable over the last 15 years, but also estimates
themselves are quite close to each other. Indeed,
most estimates stand between 5.5 and 6 per cent,
as table 1 shows.
We chose to use 5.75 per cent as the value for
NAIRU in estimating potential output. Total la-
bour force was assumed to grow 1 per cent in 1998
and 1999, which compares with 0.7 per cent in
1996 and 1.3 per cent in 1997. As regards trend
technical progress n*, we admitted for 1998 and
1999 a quarterly growth rate equal to the trend rate
recorded at the end of the sample period (the last
quarter of 1997). The capital stock effectively in use
was calculated multiplying the observed capital
stock by the rate of productive capacity utilisation
(previously divided by its mean value), according
to the values disclosed in the Monthly Manufac-
turing Industry Survey of the Instituto Nacional de
Estatística. To reduce slightly the noise present in
the potential output measures, GDP and labour
force series were adjusted from their irregular
component.
Charts 5 and 6 exhibit the results for the output
gap calculated according to the three methods,
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Table 1
NAIRU ESTIMATES FOR PORTUGAL
Methodology NAIRU
Luz and Pinheiro (1993) Okun’s law 5.5
Wage equation 6.0
Marques and Botas (1997) Wage equation 5.4
Modesto (1997) Beverage curve 6.0-6.5
Gaspar and Luz (1997) Okun’s law 6.0
Wage equation 5.75
Barbosa et al (1998) Okun’s law 5.8
Wage equation 5.6
(14)An additional limitation of the linear trend and HP filter ap-
proaches deals with the fact that results may be sensitive to the
size of the sample period. Recall that in both cases residuals
(i.e., the cyclical component) have zero mean independently of
the length of the sample period, and regardless of the economy
being or not at the same stage of the cycle at the beginning and
the end of the period. This property alone may generate spuri-
ous cycles — since in any sample period (the smallest it can be)
there is always at least one positive gap period and one nega-
tive gap period that compensate each other.based respectively on the Historical Series and on
the National Accounts. In general, the output gap
given by the production function(15) follows closely
the output gap yielded by the HP filter.
The application of the three methodologies
points towards a change in the sign of the output
gap over the course of 1997, when using the Na-
tional Accounts series. The same happens when
applying the HP filter and the production function
to the Historical Series. However, the adjustment
of a linear trend of the Historical Series leads to a
negative output gap at the end of the sample.
The idea presented above for the annual data,
according to which the 1993 recession was less
sharp and shorter than that recorded in 1983-1984
is confirmed by the quarterly data.
Charts 7 (Historical Series) and 8 (National Ac-
counts) show the annual average growth rates of
potential output calculated according to the three





















































































































HP filter Linear trend Production function
Chart 6
OUTPUT GAP

















































































































HP filter Linear trend Production function
(15)Charts 5, 6, 7 and 8 present the result of the production func-
tion approach where potential technical progress is measured
by the application of the HP filter to the series of observed
technical progress. However, the results found when trend
technical progress is measured through a linear trend are not














































































































Observed HP filter Linear trend Production function
Chart 7
POTENTIAL OUTPUT
QUARTERLY SERIES – HS














































































































Observed HP filter Linear trend Production function
Chart 8
POTENTIAL OUTPUT
QUARTERLY SERIES – NA
Annual average growth ratemethods, as well as the observed/ estimated GDP
growth rate. Analysing in detail the end of the
sample period we see that GDP has grown above
potential output since 1996, regardless of the
method of calculation — exception made for the
last year under scrutiny (1999). Indeed, in 1999,
due to the slowdown assumed for GDP, its growth
rate becomes closer to that of potential output —
specially when measured by the HP filter or by the
production function.
4. CONCLUSIONS
This article presents estimates for potential out-
put for the Portuguese economy, calculated ac-
cording to the most commonly used methods: the
log-linear trend method, the Hodrick-Prescott fil-
ter and the production function approach. Esti-
mates were obtained for annual data (period
1958-1999) and for quarterly data (period 1983:1 —
1999:4). The main conclusion is that results for po-
tential output — and consequently for the output
gap — do not differ substantially, independently
of the series and the calculation methods used.
One can also conclude that output has grown
above potential output in the last three years;
moreover, regardless of the calculation method
and the sample period considered, the value of ob-
served output in 1998 is estimated to be very close
to potential output.
Naturally these conclusions should be inter-
preted with caution. The limitations of all methods
— specially the uncertainty regarding the true
value of NAIRU — suggest that the kind of analy-
sis carried out in this research should be com-
pleted with the observation of variables bound to
provide some indications on the level of produc-
tive factor utilisation. An analysis of the labour
market situation — comprising the analysis of the
unemployment rate and wage behaviour — and
the scrutiny of the level of productive capacity uti-
lisation in manufacturing industry, at each mo-
ment, should be carried out regardless of the
greater or lower credibility the present potential
output estimates might gather.
Furthermore, the Portuguese economy, as in
the case of the remaining countries in the euro
area, is possibly undergoing a change of regime
due to the introduction of the single currency. It
may be the case that the positive effects resulting
from the suppression of exchange rate risks and
conversion costs between the participating curren-
cies, from the clear objective of promotion of price
stability in the euro area, and from the reduction
of public deficits in the context of the Stability and
Growth Pact, lead to the creation of a favourable
environment for a progressive rise in potential
output, greatly as a result of stronger investment
growth — induced by lower interest rates and
lower uncertainty(16). If this suspicion is confirmed,
this change of regime shall allow for a stronger
growth of the Portuguese economy exempt of the
risks of significant pressures on prices.
REFERENCES
Barbosa et al., 1998, O impacto do euro na economia
portuguesa, Ministério das Finanças.
Cassola, N., Sousa, J., 1996, “The P-STAR Model: an
Application to Portugal”, Banco de Portugal,
Economic bulletin, September.
Centeno, M., 1994, “Política orçamental: indi-
cadores e análise”, Banco de Portugal, Quar-
terly bulletin, March 1994.
Cogley, T., Nason, J.M., 1995, “Effects of the Ho-
drick-Prescott filter on trend and difference
stationary time series: implications for busi-
ness cycle research”, Journal of Economic Dyna-
mics and Control, 19, 253-278.
Fisher, P., Mahadeva L., Whitley J.D., 1997, “Utili-
ser l’écart de production pour prévoir
l’inflation: l’expérience de la Banque
d’Angleterre”, Économie Internationale, no. 69,
first quarter.
Gartner, C. , 1995, “Potential output and output
gap. Indicators for monetary policy analysis”,
Reports and Summaries of the Oesterreichische
Nationalbank, 3/1995.
Gaspar V., Luz S., 1997, “Unemployment and wa-
ges in Portugal", Banco de Portugal, Economic
bulletin, December 1997.
Giorno, C., Richardson, P., Roseveare, D. , van den
Noord, P., 1995, “Estimating potential output,
output gaps and structural budget balances”,
WP no. 152, OECD, Economics Department.
54 Banco de Portugal / Economic bulletin / December 1998
Articles
(16)Barbosa et al (1998) presents estimates for the impact of some of
the mentioned effects on output growth.Kydland, F., Prescott, C. 1990, “Business cycles: real
facts and a monetary myth”, Federal Reserve
Bank of Minneapolis, Quarterly Review
(Spring), pp 3-18, 1990.
Luz S., Pinheiro M., 1993, “Desemprego, vagas e
crescimento salarial”, Banco de Portugal,
Quarterly bulletin , Vol. 15, no 2.
Marques, C. R., 1990, “Produto potencial, desem-
prego e inflação em Portugal”, Banco de Por-
tugal, Working Paper no. 1 (new series).
Marques C.R., Botas S., 1997, “Estimation of the
NAIRU for the Portuguese economy”, Banco
de Portugal, Working Paper no. 6/97.
Modesto, L., 1997, “Measuring job mismatch and
structural unemployment in Portugal: an em-
pirical study using panel data”, Working Paper
no. 1, DGEP, Ministério das Finanças.
Pinheiro et al., 1997, Historical Series for the Portugue-
se Economy, Vol. 1, Banco de Portugal.
Santos E., Dias F. C., Cunha, J. C.,1992, “Séries lon-
gas das contas nacionais portuguesas: aspec-
tos metodológicos e actualização, 1958-1991",
Banco de Portugal, Quarterly bulletin , Vol.14,
no. 4, December.
Watson M.W., 1986, “Univarate detrending
methods with stochastic trends”, Journal of
Monetary Economics, 18,49-76.
Banco de Portugal / Economic bulletin / December 1998 55
Articles